A novel Gram-staining-negative, oval-shaped (0.4-0.6Â0.8-1.0 µm), non-motile strain without flagella, designated B7
The genus Mesorhizobium, belonging to the family Phyllobacteriaceae was first proposed by Jarvis et al. [1] with type species Mesorhizobium loti which was isolated from a root nodule on Lotus corniculatus [2] . The genus was established to describe strains whose growth rate was slower than the fast-growing members of the genus Rhizobium [1] . At the time of writing, the genus Mesorhizobium consists of 41 species with validly published names [3] (http://www.bacterio. net/mesorhizobium.html). Members of the genus share the characteristics of being Gram-staining-negative, aerobic, rod-shaped and having a DNA G+C content around 57. .0 mol%. At the time of writing, members of the genus Mesorhizobium have been isolated from root nodules of different leguminous plants such as Sophora longicarinata [4] , Anagyris latifolia [5] and Astragalus membranaceus [6] , and deep-sea sediment [7] . In this study, strain B7
T was isolated from deep seawater in the South China Sea. The aim of the present investigation was to determine the taxonomic position of strain B7
T based on analysis of phenotypic, phylogenetic, genomic and chemotaxonomic characteristics.
A bottle of seawater was collected in August 2012 from the South China Sea (15 14¢ N 117 17¢ E) at a depth of 1.0 km. The water sample was stored at 4 C in the laboratory before use. Strain B7
T was isolated by the method described previously [8] and preserved by freeze-drying. For routine cultivation of strain B7
T , marine agar 2216 (MA; BD Difco) or marine broth 2216 (MB; BD Difco) were used. Four reference strains used in this study (Mesorhizobium huakuii LMG 14107 T , M. loti LMG 6125 T , Mesorhizobium thiogangeticum LMG 22697
T and Mesorhizobium soli JCM 19897 T ) were purchased from the Belgian Co-ordinated Collections of Micro-organisms (BCCM/LMG) and the Japan Collection of Microorganisms (JCM), respectively.
Phenotypic tests were performed with cells grown on MB at 30 C, unless otherwise indicated. The Gram reaction was tested by using the Gram staining method as described by Claus [9] . After incubation on MA at 30 C for 3 days, cell morphology and the presence of flagella were observed using transmission electron microscopy (JEM-1230; JEOL) after uranyl acetate staining. The motility test was performed by inoculation in semi-solid MB [MB medium with 0.5 % agar (w/v)]. The temperature range for growth was determined in MB at 4-55 C (4, 10, 15, 20, 25, 28, 30, 35, 40, 45 , 50 and 55 C). The pH range for growth in MB was measured from pH 4.5 to pH 10.0, with an interval of 0.5 units, using appropriate biological buffers to maintain the stability of each pH system (40 mM MES for pH 4.5-6.0, PIPES for pH 6.5-7.5, Tricine for pH 8.0-8.5 and CAPSO for pH 9.0-10.0). Tolerance to NaCl was tested in medium containing (l T was cultured on modified YMA/YMB [YMA/YMB medium with 2 % NaCl (w/v)]. Catalase and oxidase activity were tested by the method as described by Sun et al. [11] . Degradation of L-tyrosine and hydrolysis of starch, Tweens 20, 40, 60 and 80 were examined as described by Sun et al. [12] . Hydrolysis of casein and gelatin were assayed according to Zhang et al. [13] . Nitrate reduction was tested according to Dong et al. [14] . H 2 S and indole production were assayed as described by Zhu et al. [15] . The methyl red (MR) and Voges-Proskauer (VP) tests were examined as described by L anyí [16] . Other biochemical properties and enzyme activities were tested using API ZYM and API 20NE strips (bio-M erieux) following the manufacturer's instructions. GN2 MicroPlates (Biolog) were used to detect the utilization of organic substrates according to the manufacturer's instructions. Utilization of complex compounds was determined using each optimal saline solution (YMB/modified YMB without mannitol, sodium glutamate and yeast) with 0.2 % (w/v) trypticase, peptone, polypeptone, soytone, casamino acids, yeast extracts and tryptone (BD Difco) after incubating at 30 C for 3 days.
For chemotaxonomic studies, cell mass of strain B7 T was grown on modified YMA and four reference strains were grown on YMA at 30 C. Cells used for the analysis of fatty acids and polar lipids were harvested from the third quadrants of agar plates [17] . Fatty acid methyl esters were extracted as described by Kuykendall et al. [18] and analysed by the Sherlock Microbial Identification System (MIDI; Microbial ID); results are shown in Table S1 (available in the online Supplementary Material). Polar lipids were extracted and separated by two-dimensional TLC on silica gel 60 F254 plates (Merck 5554) and then further analysed as described [19, 20] . After incubation in modified YMB at 30 C for 3 days, cells of strain B7
T were collected for extraction of isoprenoid quinones which were subsequently purified by TLC and identified using the HPLC-MS system (Agilent) [21, 22] .
Genomic DNA of strain B7
T was extracted using Quick Bacteria Genomic DNA Extraction kit (DongSheng Biotech).
The 16S rRNA gene was amplified by PCR using universal primer pair 27F (5¢-GAGAGTTTGATCCTGGCTCAG-3¢) and 1492R (5¢-GTCGTAACAAGGTAGCCGTA-3¢). The purified PCR products were cloned into the vector pMD19-T (TaKaRa) and then sequenced. The almost-complete 16S rRNA gene sequence of strain B7 T (1449 bp) was identified by the EzTaxon-e tool [23] . Multiple sequences alignment was performed with the CLUSTAL X program of the MEGA 5 software package [24] . Phylogenetic trees were reconstructed using the neighbour-joining [25] and maximumlikelihood [26] methods with the MEGA5 program package. Bootstrap analysis was based on 1000 replications. To testify the phylogenetic tree reconstructed by MEGA5, All-Species Living Tree LTPs123 and database arb-6.0.6 were used as the reference, SINA webserver [27] and ARB software [28] were used for alignment of 16S rRNA gene sequences into LTPs123 and generation of a new maximum-likelihood phylogenetic tree, respectively. Genomic DNA of strain B7 T was extracted using CTAB methods [29] . The complete genome was sequenced by BGI Genome Institute (Beijing) with Illumina HiSeq 4000 and PacBio platform and assembled by SOAPdenovo 2.04 [30] . Average nucleotide identity (ANI) was calculated with OrthoANI [31] . DNA G+C content (mol%) was obtained from the genomic sequences. The gene sequences atpD (CP018171.1 from 290135 to 291688), glnII (CP018171.1 from 4538412 to 4537042) and recA (CP018171.1 from 3543275 to 3542229) were identified by Rapid Annotation System Technology (RAST) of the genome sequence of strain B7
T [32] . Corresponding sequences of recognized species of the genus Mesorhizobium were obtained from the GenBank database. The gene sequences were aligned using MAFFT [33] and poorly aligned positions were removed by Gblocks [34] . Then MEGA 5 was employed to reconstruct phylogenetic trees, using the maximum-likelihood method, with the Tamura-3-parameter model and G substitutions.
16S rRNA gene sequence analysis using the EzTaxon-e tool indicated the 36 most related species of strain B7 T all belonged to genus Mesorhizobium (similarities ranged from 96.2 to 97.5 %), and based on the recommended threshold value of 98.65 % 16S rRNA gene sequence similarity [35] , strain B7
T should be considered as the type strain of a supposed novel species of genus Mesorhizobium. The phylogenetic trees based on 16s rRNA gene sequences using both MEGA and ARB programs also indicated that strain B7 T fell in the clade which comprises species of the genus Mesorhizobium, supporting that strain B7
T is a novel species of the genus Mesorhizobium (Figs 1 and S1 T and other strains revealed that strain B7
T was most closely related to Mesorhizobium huakuii USDA 4779 T (Fig. 2) . Meanwhile, the OrthoANI values between strain B7
T and related type strains (Table S2) were lower than the threshold value of 95 % ANI relatedness for species demarcation [36, 37] , which also confirmed that strain B7
T represents a novel species of the genus Mesorhizobium. 
Cells of strain B7
T were Gram-stain-negative, oval (0.4-0.6Â0.8-1.0 µm), and non-motile without flagella (Fig. S2 ). Colonies were 1-2 mm in diameter, circular, light yellow, convex, opaque and smooth after growing on MA at 30 C for 3 days. Strain B7
T grew at 25-40 C (optimum 35 C), at pH 5.5-9.0 (optimum pH 7.0) and with 0-8 % (w/v) NaCl (optimum 3 %). Detailed physiological and biochemical characteristics are displayed in Table 1 and the species description. Several phenotypic differences could be found between strain B7 T and the reference strains ( 
example, strain B7
T has the ability to hydrolyse casein, gelatin and Tween 40 while the other four reference strains cannot; strain B7
T is unable to hydrolyse L-tyrosine nor produce H 2 S, which are opposite to the four reference strains.
Respiratory quinone composition analysis showed that the only isoprenoid quinone in strain B7
T was Q-10, which was a common characteristic in the genus Mesorhizobium. Major fatty acids (>10 %) of strain B7
T were C 19 : 0 cyclo !8c and summed feature 8 (C 18 : 1 !7c/C 18 : 1 !6c), which were similar to most of the four reference strains though some proportional differences existed (Table S1 ). Meanwhile, C 17 : 0 which was detected in only in strain B7
T could differentiate the novel strain from the reference strains. The polar lipids of strain B7 T and the reference strains are shown in Fig. S3 . The polar lipids of strain B7 T were diphosphatidyglycerol (DPG), phosphatidylglycerol (PG), phosphatidylethanolamine (PE), phosphatidylcholine (PC), one unknown aminophospholipid (APL1), one unknown glycolipid (GL2) and three unknown lipids (L1, L2 and L3). DPG, PG, PE and PC were also detected in the four reference strains and previously in the genus Mesorhizobium [38] , which could be a significant feature to support that strain B7 T belonged to genus Mesorhizobium. compositions of L1, L2 and L3 in strain B7
T could differentiate the isolate from reference strains.
Based on the phylogenetic, genomic, chemotaxonomic and phenotypic characteristics, it is concluded that strain B7 T represents a novel species of the genus Mesorhizobium, for which the name Mesorhizobium oceanicum sp. nov. is proposed.
DESCRIPTION OF MESORHIZOBIUM OCEANICUM SP. NOV.
Mesorhizobium oceanicum (o.ce.a¢ni.cum. L. neut. adj. oceanicum belonging to the sea).
Cells are Gram-staining-negative, aerobic, non-motile and oval-shaped, measuring 0.4-0.6 µm wide by 0.8-1.0 µm long. Colonies on MA after 4 days of incubation at 30 C are The type strain is B7 T (=KCTC 42783 T =MCCC 1K02305 T ), isolated from deep seawater in the South China Sea. The DNA G+C content of the genomic DNA of the type strain is 65.1 mol%.
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